The aimed to evaluate the effect of different nitrogen doses in association with sulfur fertilization on yield components and seeds physic-quality attributes. The experimental design was randomized blocks, arranged in a 3 × 5 × 2 factorial design (cultivar × nitrogen doses × sulfur management), with four replications. The analysis of variance revealed that wheat cultivars × sulfur management interaction was significant for height insert of main spike. Interaction was verified between cultivars × nitrogen doses for number of tillers per plant and number of spikes per m 2 . The nitrogen doses × sulfur management interaction was significant for number of tillers per plant. Interaction between cultivars × nitrogen doses were observed for number of spicules per spikes and number of seeds per spike. Nitrogen fertilization has different effects on wheat cultivars. The cultivar 'TBIO Sinuelo' presents greater seeds yield with improvement of nitrogen fertilization doses. High nitrogen doses provide increasing of wheat seeds yield. Nitrogen doses influence differently on yield components of wheat. Number of tillers per plant is correlated with seeds yield. Physical attributes of wheat seeds are not influenced by nitrogen doses increasing. Sulfur fertilization promotes tillering and increment of number of spicules per spike. The cultivar 'TBIO Sinuelo' presents higher weight per 1000 seeds, followed by 'Jadeíte 11', and 'TBIO Sintonia'.
The soil is classified as Typic Dystrophic Red Latossol (EMBRAPA, 2013) , and chemical and physical characteristics are: pH (H 2 O): 6.3; P: 8.7 mg dm -3 ; K: 48 mg dm -3 ; S: 12.9 mg dm -3 ; Ca: 7.3 cmol c dm -3 ; Mg: 3.8 cmol c dm -3 ; Al: 0.0 cmol c dm -3 ; B: 0.0 mg dm -3 ; Cu: 3.1 mg dm -3 ; Zn: 1.2 mg dm -3 ; Mn: 29 mg dm -3 ; Na: 6 mg dm -3 CTC: 11.2 cmol c dm -3 ; 84% of base saturation; 2.49% of organic matter; and 43% of clay.
Corrective fertilization was performed at sowing through the addition of 350 kg ha -1 of NPK 11-30-20 fertilizer to the soil, according to recommendations from the Commission of Soil Chemistry and Fertility, based on the results of soil analysis (CQFS-RS/ SC, 2004) . Nitrogen top dressing was made at tillering, 45 days after sowing, tillers per plant. Interaction between cultivars × nitrogen doses were observed for number of spicules per spikes and number of seeds per spike (Table 1) . Table 1 . Analysis of variance (mean square) of plant height (PH); number of tillers per plant (NTP); number of spicules per spike (NSS); height insert of main spike (HMS); number of seeds per spike (NSES); number of spikes per m 2 (NS); weight per 1000 seeds (WTS); hectoliter weight (HW); and seeds yield (SY) for wheat cultivars ('TBIO Sintonia', 'TBIO Sinuelo' e 'Jadeíte 11'), as affected by nitrogen doses (0; 22.5; 45; 67.5 e 90 kg ha -1 ) and sulfur management (with and without Note.
(1) Mean square: * and ns : significant at the 5% probability level and not significant, respectively; CV: coefficient of variation Significant interaction between the factors revealed that treatments combinations provoke different effects on characters, especially because multiple genes control quantitative characters, and the environment strongly influence on these genes expression ( Figure 1 ). In this way, nitrogen doses on top dressing, sulfur management, and the cultivar, are all factors that can cause differences on characters expression, and is necessary to slice into simple effects to obtain reliable results about the characters observed.
Nitrogen deficiency affects plant biomass production and efficiency on using solar radiation, influencing on yield components results (Heinemann et al., 2006; Xu et al., 2012; . In contrast, nitrogen supplying to increase yield may also change plant architecture and improve photo-assimilates synthesis, such as starch and lipids, since the greater photosynthesis rates, the higher the respiration and cells multiplication and differentiation (Neumann, 2005) . The processes of synthesis, partition and accumulation of photo-assimilates in plants are genetically controlled and influenced by environmental factors, like CO2, temperature, leaf area index, plant nutrition, water supply, between others (Donald & Hamblin, 1976) .
Well-supplied plants tend to produce seeds with bigger size and weight, better embryo and cotyledons formation, and dry matter accumulation (Teixeira Filho et al., 2010; Marcos Filho, 2015; . The quadratic model is the one adjusted to height plant results, with high coefficient of determination (R 2 = 0.93) (Figure 2a ). Greater results were observed for the nitrogen dose of 58.8 kg ha -1 , decreasing after that. Theoretical height increment of 4.6% was observed for plants submitted to this treatment, when compared to plants that did not received any nitrogen source. Plant height is a character influenced by environment (Souza et al., 2003) , plants density (Brachtvogel et al., 2012) , and, mainly, by availability of nitrogen in soil (Repke et al., 2013) . The higher plant height values observed in rich nitrogen soils could be related to the higher mineral supply, which stimulate stems elongation.
However, excessively tall plants are not desirable, because they also are more predisposed to lodging. Similar results were recorded by Zagonel and Fernandes (2007) , which observed a linear increase in plants height due to higher nitrogen doses; in the same way, Espindula et al. (2010) observed that increasing nitrogen doses linearly stimulates stems elongation.
The character number of tiller was influenced by the interaction between nitrogen doses and sulfur management. When sulfur was spread, the number of tiller per plant was adjusted to the quadratic trend curve (Figure 2d ). Maximum efficiency was found on the dose of 51.7 kg ha -1 , achieving about one tiller per plant, and decreasing after that. The number of tillers per plant increment is 48% higher than treatments without nitrogen (0.5 tillers plant -1 ).
Treatments without sulfur fertilization had the number of tiller per plant increased with higher nitrogen doses ( Figure 2d ). The increment, comparing to plants without nitrogen fertilization, is of 7.8, 14.6, 20.4 and 25.5% for the doses of 22.5, 45.0, 67.5 and 90.0 kg ha -1 , respectively; with an average number for the higher dose of one tiller per plant.
In relation to the interaction between nitrogen doses × sulfur management, there was no significant difference for the nitrogen doses of 0.0, 22.5, 45.0 and 67.5 kg ha -1 ; however, the dose of 9.0 kg ha -1 of nitrogen with no sulfur fertilization resulted in higher number of tiller per plant (Table 2) .
This study revealed the influence of nitrogen and sulfur fertilization on wheat tillering, as well as the effect of both fertilizers combined, similarly to reported by Rodrigues (2002) . Plants grown in soil with sulfur fertilization achieved maximum tillering (one tiller per plant) combined with 51.751,7 kg ha -1 of nitrogen; and with no sulfur fertilization, the dose of 90 kg ha -1 resulted in greater results (one tiller per plant). Thus, high doses of one of the fertilizers may induce lower availability to plants of the other fertilizer.
The cultivars presented interaction with nitrogen doses (Figure 3a ). The number of tillers per plant for 'TBIO Sintonia' and 'Jadeíte 11' has adjusted to the quadratic trend curve, achieving maximum tillering with 48.6 and 42.8 kg ha -1 of nitrogen, and 40 and 12% of increment on number of tiller, respectively, comparing to plants without nitrogen fertilization (Figure 3a) . For the cultivar 'TBIO Sinuelo', the number of tillers per plant increased linearly to high nitrogen doses. Increment of 55% was observed in plants grown in soil with 90 kg ha -1 of nitrogen, comparing to plants without nitrogen fertilization ( Figure 3a ).
The cultivar 'Jadeíte 11' presented higher tillering for nitrogen doses of 0.00 and 22.5 kg ha -1 , not differing from 'TBIO Sintonia'. Cultivars did not differ for nitrogen doses of 45.0 and 67.5 kg ha -1 . The cultivar 'TBIO Sinuelo' revealed greater number of tillers per plant for 90.0 kg ha -1 of nitrogen, not differing from 'Jadeíte 11' (Table 3) . In addition, the effects of using nitrogen fertilization are different on wheat cultivars from different genetic basis, and some traits may present different effects on growing season, plant architecture, and yield potential; these effects may interfere on nitrogen absorption, assimilation, and conversion for seeds production (Sangoi et al., 2007) .
The character number of tillers per plant is influenced by many factors, including genetics, which can explain the high coefficient of variation value (Pimentel Gomes, 2009) . In a study developed by Abati et al. (2017) , in which they have evaluated number of tillers per plant, a similar coefficient of variation was reported (29.3%).
In weather conditions of South of Brazil, tillering is a desirable character for winter cereals, and demands high phenotypic plasticity to respond to environmental changes. This plasticity allows plants to adapt to different densities at the field (Almeida et al., 2004; .
According to Valério et al. (2008) , nitrogen fertilization is important for tillers to emerging, developing, and surviving; consequently, it also influence on plants yield. Though wheat plants are able to balance out plants population changes through tillers emergence, the percentages of fertile and total tillers are variable among genotypes (Valério et al., 2008) . Otherwise, the number of tillers per plant and their development is correlated with the intra-specific competition for environmental factors (Caires et al., 2001) .
Sulfur is a crucial nutrient demanded by plants to ensure tillers growing. The combination between sulfur and amino acids makes the called "building blocks", from which proteins are synthetized. Sulfur translocation rates in plant are low, in a way that young parts of plant are the first affected by sulfur deficiency. To overcome this problem, continuously supplying through multiple sulfur spreads must to be performed to provide a good plant growing during demand peaks.
The number of spicules per main spike for the cultivar 'TBIO Sintonia' with sulfur has adjusted to a linear and crescent tendency, improving with nitrogen doses (Figure 3c ). With the dose of 90 kg ha -1 , the number of spicules per spike was 14.3; this value is 8.7% higher than treatments without nitrogen fertilization. For the cultivar 'TBIO Sinuelo', with sulfur fertilization, the number of spicules per spike has adjusted to a quadratic tendency curve (Figure 3c ). The maximum efficiency was achieved at the dose of 57.3 kg ha -1 , with 13.8 spicules in average, with 11.8% more spicules until dose of maximum efficiency (57.3 kg ha -1 ).
For the cultivar 'TBIO Sinuelo', in traits without sulfur fertilization, a linear and crescent tendency was observed among nitrogen doses (Figure 3c ). For the amount of 90 kg ha -1 of nitrogen, a number of 14.1 spicules per spike was obtained, which one is 12.6% superior than treatments without nitrogen fertilization. For 'TBIO Sintonia' without sulfur fertilization, and for 'Jadeíte 11' with and without sulfur fertilization, the number of spicules per spike did not presented differences among nitrogen doses.
The interaction between wheat cultivars × nitrogen doses × sulfur management is represented at the Table 4 . For the character number of spicules per main spike, in plants with sulfur fertilization and nitrogen at the doses of 0.0, 45.0, and 67.5 kg ha -1 , the cultivars did not differ (Table 4) . At the nitrogen doses of 22.5 and 67.5 kg ha -1 , 'TBIO Sinuelo' and 'TBIO Sintonia' obtained a greater number of spicules per spike than 'Jadeíte 11'. Plants without sulfur fertilization, at the nitrogen doses of 22.5 and 90.0 kg ha -1 , the cultivars did not differ from each other for the number of spicules per main spike. For the nitrogen doses of 0.0, 45.0, and 67.5 kg ha -1 , the higher number of spicules per spike was observed for the cultivars 'TBIO Sintonia' and 'TBIO Sinuelo'.
Comparing sulfur management and nitrogen doses for each cultivar, sulfur fertilization did not influence on number of spicules per spike for 'TBIO Sintonia'; while for the cultivar 'TBIO Sinuelo', at the dose of 22.5 kg ha -1 of nitrogen, the number of spicules per spike improved with sulfur fertilization. The cultivar 'Jadeíte11' produced higher number of spicules per spike with sulfur fertilization and nitrogen at the dose of 67.5 kg ha -1 (Table 4 ).
An appropriate nitrogen supplying for plants during grain filling is fundamental to improve yield; and some yield components, such as number of spikes per area and number of spicules per spike, are strongly influence by the moment that nitrogen fertilization is made (Braz et al., 2006) . A study developed by Benett et al. (2011) reported that the number of spicules per spike was highly influenced by the stage that the nitrogen fertilization was performed. In this way, the most crucial and nitrogen demanding stage is between initial developing and floral primordial differentiation. The nitrogen doses improve the number of spicules per spike according to a quadratic tendency .
According to Bredemeier and Mundstock (2001) , nitrogen fertilization should be performed between the emergence and the emission of seventh leaf from main stem. In the beginning of this period, nitrogen is demanded for a good establishment of differentiated spicules number and, consequently, number of seeds per spike.
The height insert of main spike has adjusted to a quadratic tendency curve (Figure 2b) . The insert height was increased until the maximum point, which was at the nitrogen dose of 58.0 kg ha -1 , with 72.3cm, decreasing after that point. No nitrogen fertilization resulted in 4.2% of insert height reduction, comparing to the maximum efficiency dose. Even with a decreasing tendency, the nitrogen dose of 90.0 kg ha -1 showed 3.1% of increasing on height insert of main spike than plants without nitrogen fertilization. Vol. 11, No. 12; For the character height insert of main spike, cultivars did not present differences without sulfur fertilization (Table 5 ). However, for the treatments with sulfur fertilization, the cultivar 'TBIO Sintonia' presented greater height insert of main spike than 'Jadeíte 11', and did not differ from 'TBIO Sinuelo'. Comparing cultivars within sulfur management, 'TBIO Sintonia' achieved higher height insert of main spike without sulfur fertilization; while for 'TBIO Sinuelo' and 'Jadeíte 11', no differences were observed with or without sulfur fertilization ( Table 5 ).
The height insert of main spike is an important character, since reduces chances of plants lodging. Plant height is influenced by sowing density, which one affects the height insert of main spike (Gross et al., 2012) . Note. *Means followed by the same lower case letter in the column and capital letter in the line do not differ by Tukey test (p < 0.05).
The increment of height insert of main spike until the maximum efficiency dose (58.0 kg ha -1 ) could be related to the fact that nitrogen is an internodes elongation booster for wheat plants, and this dose is great to improve morphologic development, allowing bigger photosynthetically active area and photoassimilates conversion.
The character number of seeds per spike for the cultivar 'TBIO Sintonia' with sulfur fertilization has adjusted to a quadratic tendency (Figure 3d ). Number of seeds per spike increased until the maximum efficiency point, which was with nitrogen dose of 53.5 kg ha -1 , presenting 31.8 seeds per spike. Comparing to traits without nitrogen fertilization, 38% of seeds per spike improvement was observed. For the cultivar 'TBIO Sinuelo', without sulfur fertilization, a linear and crescent tendency was observed for the nitrogen doses (Figure 3d ). This increment represents 15.2% more seeds per spike between the higher nitrogen dose (90.0 kg ha -1 ) and the lower dose (0.0 kg ha -1 ). For 'TBIO Sintonia' without sulfur fertilization, for 'TBIO Sinuelo' with sulfur fertilization, and for 'Jadeíte 11' with and without sulfur fertilization, the number of seeds per spike did not differ between nitrogen doses.
With the nitrogen dose of 45.0 kg ha -1 , a greater number of seeds per spike was obtained for the cultivar 'TBIO Sintonia' than for 'TBIO Sinuelo' and 'Jadeíte 11'. For the dose of 90.0 kg ha -1 , the cultivars 'TBIO Sintonia' and 'TBIO Sinuelo' obtained higher number of seeds per spike than 'Jadeíte 11' (Table 4) .
Analyzing the treatments with and without sulfur fertilization within each cultivar for each nitrogen dose, for the cultivar 'TBIO Sintonia', at the nitrogen dose of 45 kg ha -1 , the number of seeds per spike was higher with sulfur fertilization. For the cultivars 'TBIo Sinuelo' and 'Jadeíte 11', there was no difference on the number of seeds per spike with any nitrogen dose, due to sulfur fertilization (Table 4 ).
High doses of nitrogen fertilization result in vigorous plant development, fundamental for meristems definition (Espindula et al., 2010) ; producing better values of yield components, especially number of seeds per spike (Benin et al., 2012; .
Different values were observed for number of seeds per spike, due to characteristic of this character, and to its interaction with environment. Braz et al. (2006) observed similar values to this study, ranging from 34 to 36.8 seeds. In addition, Cazetta et al. (2007) verified linear increment of triticale and wheat seeds with higher nitrogen fertilization doses.
The number of spikes per m 2 was influenced by nitrogen doses. For the cultivar 'TBIo Sintonia', the number of spikes per m 2 has adjusted to a quadratic tendency, achieving maximum response at the nitrogen dose of 51 kg ha -1 , with 600 spikes per m 2 (Figure 3b ). The increment observed in relation to treatments without nitrogen fertilization was of 21% more spikes per m 2 .
jas.ccsenet.org Vol. 11, No. 12; For the cultivar 'TBIO Sinuelo', the number of spikes per m 2 has adjusted to a crescent linear tendency with increasing nitrogen doses (Figure 3b ). The number of spikes per m 2 increased 8. 6, 15.8, 22.0, and 27.3% in plants submitted to nitrogen fertilization at the doses of 22.5, 45.0, 67.5, and 90.0 kg ha -1 , respectively, in comparison to the ones without nitrogen fertilization, achieving about 660 spikes m 2 with 90.0 kg ha -1 . The cultivar 'Jadeíte 11' has adjusted to a quadratic tendency (Figure 3b ), achieving maximum efficiency for spikes production with 41.4 kg ha -1 of nitrogen fertilization, resulting in 636 spikes per m 2 . This increment represents 12.4% more spikes per m 2 than plants without nitrogen fertilization.
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The interaction slicing of the character number of spikes per m 2 revealed no differences between cultivars for the nitrogen doses of 0.0, 45.0, 67.5, and 90 kg ha -1 . However, for the dose of 22.5 kg ha -1 , 'Jadeíte 11' presented the highest number of spikes per m 2 , not differing from 'TBIO Sintonia' (Table 3) .
For the character weight per 1000 seeds, the cultivar 'TBIO Sinuelo' has resulted in higher value, followed by 'Jadeíte 11' and by 'TBIO Sintonia' (Table 6 ). Differences for the character weight per 1000 seeds among cultivars may be due to genetic effects , since each cultivar has particular ways to use and take advantage of the nutrients for seeds filling. Soil and climatic conditions are other important factors, mainly temperature and humidity, especially during seeds maturation stage (Costa et al., 2013) .
For treatments with sulfur management, the character weight per 1000 seeds was higher without sulfur fertilization (Table 7) . Sulfur is an amino acids component (cysteine and methionine). Therefore, its deficiency results in lower amount of these amino acids, as well as the proteins composed by them. Because of this, not enough sulfur supplying results in difficulty for plants to assimilate nitrogen in proteins, been the nitrogen accumulated as amines, amides, and soluble amino acids. Thus, a good balance between nitrogen and sulfur rates is fundamental to plant nutrition and growing, which means that higher rates of one of these nutrients may lead to lower availability of the other nutrient to plant, impairing plant yield.
The results of weight seeds due to nitrogen fertilization are contradictory, since some studies reported positive effects, like for crescent nitrogen doses in maize (Sangoi et al., 2011) ; while other studies reported decreasing of weight per 1000 seeds with nitrogen doses increasing (Favarato et al., 2012) . These study results suggest greater seeds filling for the cultivars 'Jadeíte 11' and 'TBIO Sinuelo'. However, higher number of seeds per spike was observed for the cultivar 'TBIO Sinuelo'. In this way, yield was influenced by the yield components weight per 1000 seeds, hectoliter weight, and number of seeds per spike.
Regarding to plants yield, greater values were observed for the cultivar 'TBIO Sinuelo', which one has 12% more yield than 'TBIO Sintonia', which presented lowest average yield (Table 6 ).
The character seeds yield of wheat plants submitted to different nitrogen doses has adjusted to a quadratic model, with high coefficient of determination (R 2 = 0.95) (Figure 2c) . Yield values achieved maximum efficiency for the dose of 88.8 kg ha -1 , with 4099 kg ha -1 .
Studies performed by Zhao et al. (1999) , and Tea et al. (2007) , showed inconclusive results for interaction between sulfur and nitrogen fertilization. The elementary sulfur need to be oxidized to become available for plants (Horowitz, 2006) , either by biotic or abiotic factors. Osório Filho et al. (2007), and Rheinheimer et al. (2005) did not observe response of wheat plants to crescent sulfur doses at sowing, attributing the results to fast sulfur lixiviation to deeper layers at soil, been out of roots reach, since the study was conducted in sandy soil (Nogueira & Melo, 2003; Osório Filho et al., 2007) .
Nitrogen fertilization has showed influence on plants yield, according results presented in this study. The increment on seeds yield of wheat plants submitted to nitrogen fertilization in the dose of 88.8 kg ha -1 , which was the dose of maximum efficiency, was of 25.4% more than treatments without nitrogen fertilization. The quadratic response for yield agree with results reported for wheat crop (Barbosa et al., 2016; Coelho et al., 1998; Espindula et al., 2009; Teixeira Filho et al., 2007) . Heinemann et al. (2006) has found response until the nitrogen dose of 156 kg ha -1 , with 6,472 kg ha -1 of yield for irrigated wheat plants. Usually, best yields are observed with nitrogen fertilization doses among 70 to 120 kg ha -1 (Espindula et al., 2010; Teixeira Filho et al., 2008) .
Although yield responses of wheat plants to nitrogen fertilization differ for different cultivars, climatic and soil conditions, among other factors, most of the results showed that nitrogen fertilization is always benefic for yield than no nitrogen fertilization (Vieira et al., 1995) . Overall, sulfur has low influence on yield components and yield, because this nutrient has low mobility on plant, and the soil where the study was carried out presented adequate sulfur amount before sowing. The cultivars, according to its genetic bases, may respond differently to fertilization management. In this study, the cultivar 'TBIO Sinuelo' performed better results of yield components and yield with the increase of nitrogen fertilization doses than the cultivars 'TBIO Sintonia' and 'Jadeíte 11'.
Conclusions
Nitrogen fertilization has different effects on wheat cultivars. The cultivar 'TBIO Sinuelo' presents greater seeds yield with improvement of nitrogen fertilization doses. High nitrogen doses provide increasing of wheat seeds yield. Nitrogen doses influence differently on yield components of wheat. Number of tillers per plant is correlated with seeds yield. Physical attributes of wheat seeds are not influenced by nitrogen doses increasing. Sulfur fertilization promotes tillering and increment of number of spicules per spike. The cultivar 'TBIO Sinuelo' presents higher weight per 1000 seeds, followed by 'Jadeíte 11', and 'TBIO Sintonia'.
